
1 

THE EFFECT OF IONIZATION TRANSPORT ON THE EQUATORIAL F-REGION 

R. J .  Moffett 
W ,  B. Hanson 

Southwest Center for Advanced Studies 
Dallas, Texas 

Submitted to Nature 

This work was supported by 

NASA Grant NsG-269-62 

I 



THE EFFECT OF I O N I Z A T I O N  TRANSPORT OM THE EQUATORIAL F-REGION 
1 1  . 

In  h i s  d i s c u s s i o n  of t h e  Appleton ionosphe r i c  anomaly', Mitra 2 

po in ted  ou t  t h a t  i o n i z a t i o n  produced i n  t h e  r eg ion  of t h e  d i p  equa to r  

would d i f f u s e  downward a long  magnetic f i e l d  l i n e s  and hence c o n t r i b u t e  t o  

t h e  e l e c t r o n  c o n c e n t r a t i o n  * a t  h ighe r  l a t i t u d e s .  

Kendal14 have shown t h a t  d i f f u s i o n  and t h e  u s u a l  p roduct ion  and loss  

Rishbeth  e t  a l e 3  and -- 

processes  cannot ,  however, produce t h e  observed anomalous behavior ,  I t  is,. 

c l e a r  t h a t  t r a n s p o r t  o f  i o n i z a t i o n  by o t h e r  means is a l s o  impor tan t .  

The suEges t ion  has  been made5p6 t h a t  v e r t i c a l '  e l e c t r o m a g n e t i c  d r i f t  

may be t h e  i o n i z a t i o n  t r a n s p o r t  mechanism r e q u i r e d .  Bramley and Peart 7 , 
us inp  a p e r t u r b a t i o n  approach, have extended t h e  work of Rishbeth e t  a l e  3 -- 
t o  i nc lude  t h e  effect  of a small e l ec t romagne t i c  d r i f t  b u t  a cons ide rab le  - 
discrepancy  with t h e  o b s e r v a t i o n s  remains. 

T h i s  l e t t e r  r e p o r t s  t h e  numberical  s o l u t i o n  of t h e  s t e a d y  s ta te  

c o n t i n u i t y  equa t ion  i n  t h e  e q u a t o r i a l  F-region, i n c o r p o r a t i n e  a d r i f t  i n  

an upward d i r e c t i o n  p e r p e n d i c u l a r  t o  t h e  magnetic f i e l d  l i n e s  and of any 

maenitude preater t h a n  z e r o ,  P r e l i n i n a r y  r e su l t s  show t h a t  it should  be 

p o s s i b l e  t o  develop a q u a n t i t a t i v e  exp lana t ion  of  t h e  Appleton anomaly, 

In  s t eady  state t h e  c o n t i n u i t y  equa t ion  f o r  t h e  e l e c t r o n  number d e n s i t y  

N is: 

where P i s  t h e  e l e c t r o n  product ion  ra te ,  B is  t h e  l i n e a r  l o s s  c o e f f i c i e n t ,  

DIN ar ises  from d i f f u s i o n  along t h e  magnetic f i e l d  l i n e s ,  Da is  t h e  ambipolar  

. . _  
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- d i f f u s i o n  c o e f f i c i e n t ,  and D N is t h e  divergence of t h e  d r i f t  term. In  2 

s o l v i n g  (1) t h e  n a t u r a l  magnetic d i p o l e  c o o r d i n a t e s  p and q are used,  where 

p = cons tan t  d e f i n e s  a p a r t i c u l a r  l i n e  of  force and q = c o n s t a n t  d e f i n e s  an 

e q u i p o t e n t i a l  l i n e .  If t h e  E a r t h ' s  f i e l d  is taken  as a c e n t e r e d  d i p o l e ,  

t h e n  i n  terms of t h e  g e o c e n t r i c  d i s t a n c e  r and t h e  l a t i t u d e  4 :  

7 p = r/(rO cos2+)  

q = r 0 s i n $ / r 2  

where r 

r a d i u s .  

is a c o n s t a n t  w i t h  t h e  dimensions of l e n g t h ,  t a k e n  as t h e  E a r t h ' s  
0 

The o p e r a t o r  D i s  obta ined  by modifying t h a t  given by Kendal l  8 t o  1 
inc lude  t h e  v a r i a t i o n  wi th  a l t i t u d e  of t h e  s c a l e  h e i g h t  of t h e  i o n i z a b l e  

c o n s t i t u e n t ,  a tomic oxygen, and is given by: 

3 s i n 4 $ t 6  s i n 2 4 - l  

H r ( l t 3  s i n  4 )  3 2 2 s i n  4 
2 2  + ' { H ~ (  1+3 s i n 2 $ )  

where H is t h e  scale h e i e h t  of atomic oxygen. 

d e s c r i b e s  t h e  plasma motion perpendicular  t o  t h e  f i e l d  l i n e s  h a s  been d e r i v e d  

by Baxter  , 

Eener&.izzd it t o  a l low fo r  an e q u a t o r i a l  (a, = 0) d r i f t  v e l o c i t y  w0 which v a r i e s  

wi th  a l t i t u d e ,  so t h a t ,  f o r  upward d r i f t :  

The d r i f t  o p e r a t o r  which 

9 We have c o r r e c t e d  an a l g e b r a i c  s i g n  i n  B a x t e r ' s  e x p r e s s i o n  and 



+: 

I n s e r t i o n  of ( 3 )  and ( 4 )  i n t o  (1) l e a d s  t o  t h e  p a r a b o l i c  p a r t i a l  d i f -  

f e r e n t i a l  equa t ion :  

a N  + b -  t c N t d  
a N  a 2~ - =  a -  

a P  aq2 aq  
(5) 

where t h e  c o e f f i c i e n t s  a ,  b, c and d are f u n c t i o n s  o f  t h e  ( p , q )  c o o r d i n a t e s  1 0  . 
The atmosphere is  assumed t o  be i so the rma l .  The Sun is  t aken  t o  be 

v e r t i c a l l y  above t h e  e q u a t o r  so t h a t  $I i s  e q u a l  t o  t h e  s o l a r  z e n i t h  a n g l e  and 

N i s  symmetrical  about t h e  equa to r .  

formula with a c o r r e c t i o n  f o r  t h e  heiEht dependence of  p a v i t y .  

c D e f f i c i e n t  8 is t aken  p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  of t h e  h y d r o s t a t i c a l l y  

d i s t r i b u t e d  molecular  n i t r o g e n ,  

is assumed t o  va ry  i n v e r s e l y  wi th  t h e  a tomic  oxygen c o n c e n t r a t i o n  a t  low 

a l t i t u d e s ,  is  l i m i t e d  so t h a t  it cannot exceed t h e  v a l u e  t a k e n  a t  some chosen 

l a r g e  a l t i t u d e .  

claimed . 

The form adopted f o r  P i s  t h e  Chapman 

The loss 

To ease  t h e  numerical  d i f f i c u l t i e s  Da, which 

This  procedure does n o t  affect  t h e  r e s u l t s  wi th in  t h e  accuracy  

10 

We i n t e g r a t e  ( 5 )  by means of an i m p l i c i t  f i n i t e - d i f f e r e n c e  method 11 , 

u s i n g  t h e  boundary c o n d i t i o n s  ( i ) aN/aq  = 0 a t  q = 0 and (ii) N = 0 a t  t h e  

va lue  of q s p e c i f i e d  by r = ro on t h e  p a r t i c u l a r  f i e l d  l i n e  be ing  cons idered .  

The i n t e g r a t i o n  i s  commenced a t  t h e  f i e l d  l i n e  cor responding  t o  Z ( a t  q = 0 )  = 

150 km, Z = r-r being  t h e  h e i g h t  above t h e  Ea r th ’ s  surface, and is con t inued  
0 
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u n t i l  a s u f f i c i e n t l y  l a r g e  (p ,q )  space has  been covered. The s o l u t i o n  after 

a few i n t e E r a t i o n  s t e p s  is found t o  be independent of t h e  i n i t i a l  v a l u e s  

adopted f o r  N. 

Figure  1 shows con tour s  of N ob ta ined  by takinp, wo = 5 m/sec, and F igure  

The 2 t h o s e  wi th  wo = 15'm/sec; i n  both cases Wo i s  independent of a l t i t u d e ,  

v a l u e s  adopted f o r  t h e  o t h e r  parameters are d i sp layed  i n  Table 1. 

r e s u l t s  g iven  i n  t h e  f i g u r e s  are a c c u r a t e  t o  wi th in  less t h a n  5%. 

t h e  r a t i o  of t h e  peak v a l u e  of Nmax t o  Nmax a t  + = 0 is  1'6; i n  F igure  2 t h i s  

r a t i o  is 3.1. It  seems t h a t  adjustment of t h e  parameters  w i t h i n  t h e  bounds 

of  t h e  p r e s e n t  u n c e r t a i n t i e s  i n  them can produce t h e  main f e a t u r e s  of t h e  

The 

In F igu re  1 

Appleton anomaly, A more complete t r ea tmen t  w i l l  be pub l i shed  l a te r  1 0  . 
This  r e s e a r c h  was suppor ted  by t h e  Nat iona l  Aeronaut ics  and Space 

Adminis t ra t ion  under g r a n t  No, NsG-269-62. 

R. J. E o f f e t t  
GJ. B. Hanson 

Southwest Center  f o r  Advanced S t u d i e s  
Dallas, Texas 



1. 

2. 

3. 

4,  

5, 

60 

7. 

8. 

9 ,  

10 . 
11 . 

- 5  - 

REFERENCES 

Appleton, E. V. ,  Nature, 157, 691 (1946). 

Mitra, S. K., Nature,  158, 668 (1946).  

Rishbeth,  H., Lyon, A. J., and P e a r t  , M, , J,  Geophys, Research, 68, 

2559 (1963). 

Kendall ,  P. C., J, Atmos, Terr ,  Phys., 25, 87 (1963). 

Martyn, D. F., Proc,  Cambridge Conf, ,  254 ( P h y s i c a l  SOC., London, 19551, 

Duncan, R. A. ,  J. Atmos. Terr. Phys, ,  18, 89 (1960). 

Bramley, E. N . ,  and P e a r t ,  M , ,  J, Geophys, Research, 69, 4609 (1964).  

Kendall ,  P, C . ,  J, Atmos, Terr ,  Phys., 24, 805 (19621, 

Baxter, R. G , ,  J. Atmos, Terr, Phys., 26, 711 (1964). 

Moffett, R ,  J.,and Hanson, W. B., ( t o  be publ i shed ,  1965). 

Forsythe,  G. E , ,  and Wasow, W, R. , F i n i t e - d i f f e r e n c e  methods for p a r t i a l  

d i f f e r e n t i a l  equat ions ,  139 (John Wiley G Sons, I n c , ,  New York, 1960).  

- 
- 



- 6  - 

TABLE 1 E q u a t o r i a l  va lues  of parameters  a t  400 km 
,+ 

Atomic oxyeen T(OK) ~ ( c r n - ~  sec -1 1 B(sec-'> D (cm 2 sec-1) c o n c e n t r a t i o n  (cm-3) 
a 

1 , 1 8 ~ 1 0 ' ~  1 , 2 7 ~ 1 0 ~ ~  1, 1ox108 
3 1 1 . 5 0 ~ 1 0  5 a 00x10 
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CAPTIONS 

6 Figure 1 Contours of cons t an t  e l e c t r o n  concen t r a t ion  i n  u n i t s  of 10 

as  a f u n c t i o n  of a l t i t u d e  and magnetic l a t i t u d e ,  w i th  w 

~ m ' ~  

= 5 m/sec 
0 

independent o f  a l t i t u d e .  P e r t i n e n t  a tmospheric  parameters  are 

given i n  Table 1. 

Figupe 2 Contours of cons t an t  e l e c t r o n  concen t r a t ion  i n  u n i t s  of 10  6 3  cm- 

as a f u n c t i o n  of  a l t i t u d e  and magnet ic  l a t i t u d e ,  wi th  w 

independent of a l t i t u d e .  

given i n  Table 1. 

= 1 5  m/sec 
0 

P e r t i n e n t  a tmospheric  parameters  are 
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